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S U M M A R Y
Objectives: Neonatal leukemoid reaction (NLR) is relatively rare and considered as a white blood cell
(WBC) count 50  109/l . The aim of this study was to investigate the association of NLR with neonatal
morbidity and mortality and maternal chorioamnionitis in low birth weight infants.
Methods: In this case-controlled retrospective study, themedical records of 1200 newborn infants with a
birth weight <2500 g admitted to the neonatal unit over a period of 5 years were reviewed. The infants
who developed features of NLR (n = 17, 1.4%) formed the study group, while the remainder without NLR,
matched for gestational age and birth weight (n = 123), formed the control group. A chart review was
performed and salient demographic, clinical, and laboratory data abstracted. A statistical analysis was
subsequently performed on this data.
Results: The mean WBC and absolute neutrophil counts of infants with NLR were signiﬁcantly higher
than those in the control group. The peak time of NLRwas at 7.9  3.6 (interquartile range (IQR) 1–30) days
and on average it improved within 4.1  1.95 (IQR 2–9) days. It was noted that those infants with NLR were
mostly born by vaginal delivery and their mothers had a higher rate of early rupture of the membranes and
chorioamnionitis. NLR was associated with a 4-fold increase in sepsis, 20-fold increase in intraventricular
hemorrhage, 54-fold increase in bronchopulmonary dysplasia, and 6-fold increase in mortality. In the study
group, those infants whose mothers had chorioamnionitis had a higher rate of early rupture of the
membranes and they developed sepsis and intraventricular hemorrhage more often than those whose
mothers did not have clinical chorioamnionitis.
Conclusions: In low birth weight newborn infants, NLR is signiﬁcantly associated with sepsis,
intraventricular hemorrhage, bronchopulmonary dysplasia, and a high mortality rate. Also, those
infants with NLR are more likely to be born to mothers with chorioamnionitis and they face sepsis and
intraventricular hemorrhage more often.
 2010 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Neonatal leukemoid reaction (NLR) is characterized as a state in
which the white blood cell (WBC) count is 50  109/l or absolute
neutrophil count (ANC) is>30  109/l during the neonatal period.1
The ﬁrst case of NLRwas reported by Holland andMaurer in 1963.2
Since then, cases with infection, severe anemia, antenatal steroid
usage, prematurity, and chromosomal anomalies have been
reported.1,3–5 The occurrence rate in the neonatal intensive care
unit varies between 1.3% and 15%.1,6 In recent studies, Zanardo et
al.7 and Nakamura et al.8 reported a signiﬁcant relationship§ Presented as a poster at the 17th National Neonatology Congress, C¸es¸me, Turkey,
April 27–30, 2009.
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doi:10.1016/j.ijid.2010.06.012between NLR and bronchopulmonary dysplasia (BPD). In a further
study by Zanardo et al.,9 a high rate of prematurity and BPD were
detected in newborns with NLR born to mothers with histological
chorioamnionitis. The aim of this study was to evaluate the effect
of leukemoid reaction in low birth weight infants on neonatal
morbidity and mortality and its relationship to chorioamnionitis.
2. Materials and methods
In this case-controlled retrospective study, the medical records
of 1200 newborn infants with a birth weight of <2500 g admitted
to the neonatal unit over a period of 5 years were reviewed. The
infants who developed features of NLR (n = 17, 1.4%) formed the
study group, while the remainder without NLR, matched for
gestational age and birth weight (n = 123), formed the control
group. Newbornswith congenital or chromosomal anomalies wereses. Published by Elsevier Ltd. All rights reserved.
Table 1
Maternal and neonatal characteristics of the study groups
Characteristic NLR group
(n=17)
Control group
(n=123)
p-Value
Gestational week
Mean SD 29.13.9 29.71.9 0.52
Median (IQR) 28 (26–38) 30 (26–36)
Mode of delivery, n (%)
Vaginal 11 (64.7) 39 (31.7) 0.01
Section 6 (35.3) 84 (68.3)
Birth weight (g)
Mean SD 1263.5719.6 1320.6263.1 0.07
Median (IQR) 890 (630–2660) 1350 (600–1970)
Gender, n (%)
Male 9 (52.9) 49 (39.8) 0.31
Female 8 (47.1) 74 (60.2)
Apgar score
1st min, mean SD 4.52.2 5.72.0 0.03
Median (IQR) 4.5 (0–8) 6 (0–9)
5th min, mean SD 6.61.8 7.91.3 0.006
Median (IQR) 7 (3–9) 8 (4–10)
Ventilator requirement, n (%) 12 (70.6) 34 (27.6) 0.001
Ventilator duration (days)
Mean SD 30.747.7 2.76.8 <0.001
Median (IQR) 3 (0–143) 1 (0–35)
Surfactant application, n (%) 12 (70.6) 77 (62.6) 0.005
RDS, n (%) 12 (70.6) 41 (33.3) 0.004
Antenatal steroid, n (%) 8 (47.1) 86 (69.9) 0.14
PROM, n (%) 8 (47.1) 24 (19.5) 0.02
Chorioamnionitis, n (%) 10 (58.8) 4 (3.3) <0.001
Probable sepsis, n (%) 15 (88.2) 45 (36.6) <0.001
NEC, n (%) 7 (41.2) 23 (18.7) 0.05
Retinopathy, n (%) 4 (23.5) 8 (6.5) 0.05
Hospitalization duration (days)
Mean SD 56.249.4 36.922.4 0.36
Median (IQR) 46 (3–151) 34 (3–113)
NLR, neonatal leukemoid reaction; SD, standard deviation; IQR, interquartile range;
RDS, respiratory distress syndromes; PROM, premature rupture of membranes;
NEC, necrotizing enterocolitis.
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obtained postnatally on the ﬁrst day as routine and were repeated
twice a week. The neutrophil count was corrected according to
nucleated erythrocytes. Leukemoid reaction was deﬁned as a WBC
count 50  109/l or ANC count >30  109/l.1,6
Information collected from maternal records included mode of
delivery, duration of rupture of membranes, perinatal infection,
and chorioamnionitis. Data concerning gestational age, birth
weight, gender, Apgar scores, respiratory distress syndrome
(RDS), antenatal or postnatal steroid usage, surfactant application,
ventilator requirement, BPD, necrotizing enterocolitis (NEC),
sepsis, intraventricular hemorrhage (IVH), retinopathy, the dura-
tion of hospitalization, mortality rate, and laboratory ﬁndings of
the study and control group were obtained from neonatal charts.
RDS was diagnosed according to clinical features of respiratory
distress and radiological ﬁndings.10 IVH was graded according to
Papile classiﬁcation based on transfontanel ultrasonography
ﬁndings.11 NEC was deﬁned according to a modiﬁed Bell’s staging
system.12 BPD was diagnosed based on the oxygen requirement at
post-conceptional week 36 and radiological ﬁndings.13 Retinopa-
thy of prematurity (ROP) was classiﬁed by using the international
classiﬁcation of ROP.14 Conﬁrmed sepsis was diagnosed according
to hemoculture positivity and a probable sepsis diagnosis was
made based on the clinical symptoms and signs plus an increase in
serum levels of acute phase reactants and abnormal hematological
indices.1 Clinical chorioamnionitis was deﬁned using two or more
of the following criteria: maternal fever 38.0 8C, foul smelling
amniotic ﬂuid, uterine tenderness, maternal leukocytosis, and fetal
tachycardia.15
The normality of variable distributionwas tested using the one-
sample Kolmogorov–Smirnov test. Groups were compared using
the Student’s t-test for normally distributed data and the Mann–
Whitney U-test for non-normally distributed data. Categorical
variables were analyzed using the Chi-square test and then odds
ratios (OR) and 95% conﬁdence intervals (95% CI) were calculated.
A p-value of <0.05 was considered statistically signiﬁcant.
Statistica 7.0 (StatSoft Inc., Tulsa, OK, USA) statistical software
was used for the statistical analyses.
3. Results
Results are presented as mean  standard deviation (SD) and
median (interquartile range (IQR)) or number (percentage). Maternal
and neonatal characteristics of the study groups are shown in Table 1;
laboratory characteristics are given in Table 2. NLRwas detected in 17
of 1200 (1.4%) newborn infants with a birth weight of <2500 g. The
mean gestational age and birth weights of the study and control
groups were 29.1  3.9 (28; 26–38) weeks, 1263.5  719.6 (890;
630–2660) g and 29.7  1.9 (30; 26–36) weeks, 1320.6  263.1
(1350; 600–1970) g, respectively, and there was no signiﬁcantTable 2
Laboratory characteristics of the study groups
Characteristics NLR group (n=17)
Leukocyte count, 109/l
Mean SD 61.5941126.6090
Median (IQR) 59.300 (32.900–130.000)
ANC, 109/l
Mean SD 39.9796418.65626
Median (IQR) 34.000 (12.500–95.000)
Onset of NLR (days)
Mean SD 7.93.6
Median (IQR) 3 (1–30)
Duration of NLR (days)
Mean SD 4.11.95
Median (IQR) 3 (2–9)
NLR, neonatal leukemoid reaction; SD, standard deviation; IQR, interquartile range; ANdifference between the study and control groups in this respect
(p > 0.05). First and ﬁfth minute Apgar scores were signiﬁcantly
lower in the study group compared to the control group (1st min
p = 0.03, 5th min p = 0.006). Infants with NLR were mostly born by
vaginal delivery (p = 0.01) and theirmothers had a higher rate of early
rupture of membranes (p = 0.02) and chorioamnionitis (p < 0.001).
The mean WBC and ANC of infants with NLR were 61.59411
26.6090 (59.300; 32.900–130.000) 109/l and 39.97964 18.65626
(34.000; 12.500–95.000)  109/l, respectively, whereas they were
11.36504 5.40485 (10.000; 4.700–30.000)  109/l and
5.21423 3.68637 (4.350; 0.570–27.000)  109/l, respectively in the
control group; these differences were statistically signiﬁcant (both
p < 0.001). The peak time of NLR in the study groupwas at 7.9 3.6 (3;
1–30) days and on average it improved in 4.1 1.95 (3; 2–9) days.Control group (n=123) p-Value
11.365045.40485 <0.001
10.000 (4.700–30.000)
5.214233.68637 <0.001
4.350 (0.570–27.000)
NA –
NA –
C, absolute neutrophil count; NA, not applicable.
Table 3
Odds ratios and 95% conﬁdence intervals of the clinical characteristics
Characteristics NLR group (n=17) Control group (n=123) p-Value OR (95% CI)
Conﬁrmed sepsis, n (%) 6 (35.3) 15 (12.2) 0.02 3.96 (1.27–12.18)
IVH, n (%) 7 (41.2) 4 (3.3) <0.001 20.12 (5.20–83.41)
BPD, n (%) 11 (64.7) 4 (3.3) <0.001 54.44 (13.34–222.92)
Mortality, n (%) 7 (41.2) 12 (9.8) 0.002 6.47 (2.08–20.14)
NLR, neonatal leukemoid reaction; OR, odds ratio; CI, conﬁdence interval; IVH, intraventricular hemorrhage; BPD, bronchopulmonary dysplasia.
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group than in the control group (p < 0.001). Also, infants with NLR
developed sepsis (p = 0.02), IVH (p < 0.001) and BPD (p < 0.001)
more frequently, and themortality (p = 0.002) ratewas higher than
in those without NLR. NLR was associated with a 4-fold increase in
sepsis (95% CI 1.27–12.18), 20-fold increase in IVH (95% CI 5.20–
83.41), 54-fold increase in BPD (95% CI 13.34–222.92), and 6-fold
increase in mortality (95% CI 2.08–20.14) (Table 3).
The duration of hospital staywas 56.2  49.4 (46; 3–151) days in
the study group and 36.9  22.4 (34; 3–113) days in the control
group. Although the duration of hospitalization for the study group
was longer than for the control group, a statistically signiﬁcant
difference was not found (p = 0.36). In the study group, those infants
whose mothers had chorioamnionitis had a higher rate of early
rupture of membranes (p = 0.02) and they had sepsis (p = 0.01) and
IVH (p = 0.06) more often than those whose mothers did not have
clinical chorioamnionitis.
4. Discussion
In this study, the effect of leukemoid reaction on neonatal
morbidity andmortality and its relationshipwith chorioamnionitis
were evaluated. Previous studies on this topic are limited. While
the relationship of NLR with BPD has been determined in
premature infants in some studies,7,8,16 only Hsiao and Omar1
have investigated the effects of NLR on morbidity and mortality in
premature infants.
In our study, the mean WBC count in infants with NLR
(61.59411  26.6090  109/l)was relatively similar to that foundby
Nakamura et al.8 (75.100  25.400  109/l) and Zanardo et al.9
(65.450  31.350  109/l). However, NLR appeared earlier (7.9  3.6
days) and improved later (4.1  1.95 days) in our study compared to
Hsiao and Omar’s study1 (13  2 and 3  1 days), possibly due to the
higher rates of early rupture of membranes and chorioamnionitis
noted in our study compared to those in the study of Hsiao and
Omar.1
In the only study byHsiao andOmar1 inwhich the effects of NLR
on morbidity and mortality of extremely low birth weight infants
were investigated, it was reported that there is a relationship
between NLR and prolonged ventilator and oxygen requirement,
low mortality, and high BPD rate, and no relationship was found
between NLR and delivery mode, Apgar scores, RDS, NEC, IVH, and
retinopathy. In our study, similarly, a relationship between NLR
and prolonged ventilator need and BPD was noted. However,
contrary to Hsiao and Omar’s study,1 NLR increased the risk of the
development of RDS and IVH signiﬁcantly and was associated with
lower Apgar scores and higher mortality and chorioamnionitis
rates. This high mortality rate could be due to the high
chorioamnionitis rate as well as to the high frequency of IVH
and RDS noted in our study compared to those in the study of Hsiao
and Omar.1
Neutrophils are important in the immune response and repair
process, yet they may lead to localized tissue injury.1 In infants
with BPD, a signiﬁcant elevation of neutrophils was found in
tracheobronchial specimens.1,8 The presence of a leukemoidreaction may be a reﬂection of the severity of BPD in the early
phase of inﬂammation.1 In recent studies, Hsiao and Omar,1
Zanardo et al.,7,16 and Nakamura et al.8 reported a signiﬁcant
relationship between NLR and BPD. Similarly, in our study, BPD
was signiﬁcantly high in infants with NLR, and NLR increased the
risk of developing BPD by 54 times.
In our study, it was found that those babies with NLR from
mothers with clinical chorioamnionitis had a higher rate of early
rupture of membranes and they faced sepsis and IVH more often
than those whose mothers did not have chorioamnionitis.
Similarly, in the study by Zanardo et al.9 in newborn infants born
to mothers with histological chorioamnionitis, higher rates of
prematurity and BPD were noted.
Our study was based on maternal and neonatal records.
Information on histological chorioamnionitis was not available
and some infants were transferred to other hospitals and hence
outcome data were not available. Also, we considered only the
relationship between NLR and birth weight, irrespective of
gestational age, which included those premature infants with
related complications of prematurity; this could have limited the
strength of our study.
In conclusion, in low birth weight infants, NLR is associated
with several morbidities including more frequent early rupture of
membranes, chorioamnionitis, low Apgar scores, long-term
ventilator support, sepsis, IVH, BPD, and a high mortality rate. In
addition, the infants of mothers with chorioamnionitis have a
higher risk of NLR and they face sepsis and IVHmore often. Further
studies are needed to determine the long-term outcome of these
infants with NLR.
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